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Summary 
The origins of the European domestic goose are uncertain. The available information comes from 
archaeological findings and historical literature but genetic evidence has hitherto been scarce. The 
domestic goose in Europe is derived from the greylag goose (Anser anser) but it is not known 
where the initial domestication took place and which of the two subspecies of greylag goose was 
ancestral. We aimed to determine the amount and geographical distribution of genetic diversity in 
modern populations of greylag geese as well as in different breeds of the domestic goose to make 
inferences on goose domestication. We studied DNA sequence variation in the mitochondrial 
control region of greylag geese from multiple populations across Europe and western Asia as well 
as specimens of domestic geese representing 18 modern breeds and individuals not belonging to 
any recognised breed. Our results show notable differences in genetic diversity between different 
greylag goose populations and the presence of six mitochondrial haplogroups which show a 
degree of geographical partitioning. The genetic diversity of the domestic goose is low, with 84% 
of sampled individuals having one of two major closely related haplotypes, suggesting that 
modern European domestic geese may derive from a narrow genetic base. The site of 
domestication remains unresolved, but domestic geese in Turkey were unusually diverse 
indicating the importance of further sampling in the vicinity of the eastern Mediterranean and the 
Near East. There appears to be past or ongoing hybridization between greylags and domestic 
geese in particular areas, consistent with field observations. 
 
Keywords Anser anser, control region, domestication, genetic diversity, phylogeography  
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Introduction 
 
The origins of the European domestic goose are uncertain and understudied. The available 
knowledge comes from archaeological findings and historical literature but genetic studies have 
hitherto been scarce. It is an undisputable fact that the European domestic goose is derived from 
the greylag goose (Anser anser) (Delacour 1954) but there have been only a few studies linking the 
genetics of domestic geese to their wild ancestry (Shi et al. 2006, Wang et al. 2010).  
 
The greylag goose is a widespread Palearctic species (Fig. 1). Different sites of domestication have 
been suggested for the goose in Europe (see review by Albarella 2005). Based on archaeological 
evidence, southeastern Europe has been emphasised as the possible area of domestication, 
maybe through the actions of the ancient Greeks (Zeuner 1963). Crawford (1984) argues in favour 
of this and suggests that goose domestication started around 3000 BC. The Old Kingdom of Egypt 
(3rd millennium BC, circa 2686-2181 BC) has also been mentioned as a possible location for goose 
domestication, but this scenario has been considered less likely by Zeuner (1963). We think that it 
suffices to say that the European domestic goose was domesticated approximately 3000-5000 
years ago, most likely in the vicinity of the eastern Mediterranean. This area considered broadly, 
i.e. including the Fertile Crescent, is a major area of domestication (Bruford et al. 2003). It should 
be noted that the Chinese also domesticated geese, but these derived from a different species, the 
swan goose (Anser cygnoides). Again, East Asia is a well-known domestication centre (Bruford et 
al. 2003). 
 
More progress in understanding domestication of domestic geese can only be made through a 
detailed knowledge of wild greylag geese. The distribution of the greylag goose is fragmented, 
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likely due to human actions, but based on ringing data it can be subdivided into six rather well-
defined biogeographic populations (Scott & Rose 1996) (Fig. 1). The first population consists of 
geese breeding in Iceland and wintering in Britain and Ireland. The second is a small, largely 
sedentary population in northwest Scotland but at least some geese of this population overwinter 
in England. The geese belonging to third population breed in Norway, Sweden, Denmark and 
western Germany. Their wintering area expands from the Netherlands to southern Spain and 
Morocco. The breeding area of the fourth population consists of Finland and northeast Sweden 
through the Baltic States to central Europe. The wintering area of these birds extends from central 
Europe to Tunisia and Algeria. The fifth population breeds and winters within the Black Sea region 
and Turkey. The sixth population breeds in western Siberia south to the Caspian Sea and winters 
to the south of the Caspian region, Iran and Iraq. The European breeding populations are well-
monitored and the common trend seems to be that they have been increasing during recent 
decades. However, the current population status of eastern populations, those breeding around 
Black Sea and in southwestern Asia, is less well known, but it appears that there are stable with 
tens of thousands of individuals (Fox et al. 2010).  
 
There are two recognised subspecies of greylag, the western, nominate form A. a. anser (Linnaeus, 
1758) and the eastern form A. a. rubrirostris (Swinhoe, 1871). These two types are characterised 
by slight morphological differences. The eastern type is slightly larger and paler in tone and has a 
pink bill and cold pink legs in comparison to the western type’s orange bill and flesh-coloured legs 
(Cramp & Simmons 1977). Geese of the eastern form are found in southeastern Europe eastwards 
(Fig. 1); however, the subspecies boundary is not well-defined and intermediate types are found in 
central and eastern Europe. Occasionally birds from Iceland, Scotland and Norway are classified as 
a third subspecies A. a. sylvestris, (Madge & Burn 1988) but this has not been widely accepted. 
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Delacour (1954) has stated that it was the western subspecies that was domesticated but more 
recent authors have suggested domestication of the eastern subspecies. The main support for the 
domestication of eastern subspecies comes from morphology. The domestic goose typically has a 
pink bill, which is in accordance with the morphology of eastern type (Harper 1972, Kear 1990). 
 
To enhance understanding of goose domestication we studied the mitochondrial DNA (mtDNA) 
variability in modern wild greylag geese populations and domestic geese breeds found in Europe. 
Mitochondrial DNA has a maternal inheritance which simplifies phylogenetic interpretation. It has 
been used to trace domestication history of both mammals and birds; for example cattle (Loftus et 
al. 1994, Troy et al. 2001, Beja-Pereira et al. 2006, Achilli et al. 2008, Bollongino et al. 2012), sheep 
(Hiendleder et al. 2002, Tapio et al. 2006, Meadows et al. 2011), goat (Luikart et al. 2001, Naderi 
et al. 2008), dog (Savolainen et al. 2002, Pang et al. 2009, Thalmann et al. 2013), chicken (Fumihito 
et al. 1996, Liu et al. 2006, Miao et al. 2013) and turkey (Speller et al. 2010). We focused on the 
non-coding ‘control region’ (CR) as a genetic marker because its high substitution rate makes it 
suitable for phylogeographic and phylogenetic studies (Vigilant et al. 1989, Wenink et al. 1993). 
 
To our knowledge this is the first time that the genetic relationship between wild greylag geese 
and their derivative, the European domestic goose, has been studied in a systematic way. We 
investigate: 1) the amount of genetic diversity in modern populations of greylags as well as in 
different breeds of domestic goose, 2) whether genetic evidence supports the biogeographical 
populations of greylag goose based on ringing data, 3) whether different subspecies are 
distinguishable based on maternal DNA, and finally, 4) which subspecies was domesticated and 
where. 
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Materials and methods 
 
Samples 
A total of 178 specimens of wild greylag geese were sampled throughout their distribution area 
(Fig. 1, Table S1). All the samples were collected between 1993 and 2011 (see also Appendix S1).  
 
A wide range of different domestic geese were studied, concentrating on well-defined breeds as 
much as possible (Table 1). The non-breed individuals are designated as ‘Domestic’ followed by 
the country code for their sampling location. We included some samples of breeds that are likely 
to be crosses of the European and Chinese type, and one pure Chinese specimen. The total 
number of domestic geese studied was 101 (see also Appendix S1, Table S1).  
 
Molecular methods 
The biological materials used were muscle, blood and feathers. DNA was extracted using either 
Qiagen DNeasy blood and tissue kit or a modified isolation method for museum feathers/skins 
following Laird et al. (1991). 
 
We amplified a 1249 bp sequence that contains the mitochondrial control region flanked by the 
complete tRNA-Glu gene upstream from control region and a partial sequence of the tRNA-Phe 
gene at the 3’ end. This fragment is labelled ‘CR’ in this paper. In order to avoid amplifying Numts, 
we utilised mitochondria specific primers that amplify the whole CR in two overlapping fragments 
previously developed by Ruokonen et al. (2000) (see also Appendix S1). The 5’ end was amplified 
with primers L16642 5’ ACC CCA TAA TAC GGC GAA GGA TT and H411ANX 5’ GTA GAG RAT TGT 
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TGT TAR GGT 3’ and the 3’ end was amplified with primers L336ANX 5’ AAC ATG AAT GCT CYA GGA 
CCA C 3’ and H1248X 5’ CAR CTT CAG TGC CAT GCT TT 3’. This produced two fragments 
overlapping by 30 bp.  
 
The PCR reactions were performed in either 25 or 50 µl total reaction. The reaction contained 1 
unit of DyNAzyme II DNA Polymerase (Finnzymes Abgene), 1X reaction buffer, 1.5 mM MgCl2, 0.2 
mM each dNTP, 0.5 µM each primer and 50-200 ng DNA. The PCR reactions were performed in 
Veriti™ Thermal Cycler (Applied Biosystems). The PCR conditions were as follows: 94°C for 3 min; 
30 × (94°C for 30 s, 52-59°C for 30 s, 72°C for 1 min); and 72°C for 10 min. The PCR products were 
checked on an agarose gel and in some cases the appropriately sized band was isolated from the 
gel and the PCR product extracted using the GelElute agarose gel extraction protocol (5 Prime). 
This was carried out in suspected cases of Numts visible as multiple bands. 
 
Sequencing of both strands was conducted using Big Dye Terminator v. 3.1 Cycle Sequencing Kit 
(Applied Biosystems). The sequencing PCR was performed with the same primers as the 
amplification PCR. Sequences were edited in CodonCode Aligner (CodonCode Corporation, 
www.codoncode.com) and aligned with Muscle (Edgar 2004) implemented in Mega6 (Tamura et 
al. 2013).  
 
Analyses 
Diversity Indices 
The number of polymorphic sites and number of different haplotypes were calculated using 
DNAsp 5.10 (Librado & Rozas 2009). The haplotype diversity (h) and pairwise nucleotide diversity 
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(π, Nei 1987) were also estimated for every breed and greylag goose population with Arlequin 
3.5.1. (Excoffier & Lischer 2010).  
 
In order to compare sequence diversity between wild and domestic geese, these two were treated 
as two separate groups, and within each group the average number of pairwise differences 
between populations (πXY) was calculated for all population pairs with Arlequin 3.5.1.2. The πXY 
values were used to calculate the mean value within the group and the mean value was divided by 
the length of the sequence to generate the average pairwise difference per base pair for each 
group. 
 
Population Structure Analyses  
For an analysis of molecular variance (AMOVA) the greylag sequences were assigned to 
populations based on breed (domestic birds) or geographic location (wild birds) and the 
populations were assigned to two groups; wild and domestic. The non-breed individuals were 
excluded from this analysis. The amount of genetic variance among groups, among populations 
within groups and within populations was calculated with Arlequin 3.5.1.2. The sampling locations 
for wild birds in Finland were combined into two populations called Northern and Southern 
Finland (Fig. 1) since most locations had only one or two individuals sampled. The two sampling 
sites in Denmark were also combined (Fig. 1) because one site had only one individual.  
 
SAMOVA (Spatial Analysis of MOlecular Variance) was used to define homogeneous and maximally 
differentiated groups. SAMOVA is based on a simulated annealing algorithm (SAA) that aims to 
find the composition of K groups of populations and their associated FCT value (the proportion of 
genetic variation, which is attributed to differences between groups of populations) (Dupanloup et 
Page 8 of 32
Animal Genetics
Animal Genetics
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
9 
 
 
 
al. 2002). The FCT value is maximised when the number of maximally differentiated groups is 
found. At the same time FSC (the extent of which populations are differentiated within groups) 
should approach zero (Dupanloup et al. 2002, Rodríguez-Robles et al. 2010).  
 
Phylogenetic analyses 
For phylogenetic analyses jModeltest2 (Guindon & Gascuel 2003, Darriba et al. 2012) was used to 
determine the nucleotide substitution model that best fits the data. Both AIC (Akaike Information 
Criteria) and BIC (Bayesian Information Criterion) supported the Hasekawa-Kishino-Yano model 
(Hasegawa et al. 1985) with gamma distribution and invariant sites (HKY+G+I). Based on this 
information, phylogenetic trees were constructed, one based on maximum likelihood and the 
other one based on Bayesian inference. Numt and A. albifrons albifrons sequence were used as 
outgroups (GenBank accession numbers AF159970 and AF159958, respectively). 
 
The maximum likelihood tree was constructed with Mega 6.05 and 1000 bootstrap replications 
were applied. The Bayesian tree was constructed with MrBayes (Huelsenbeck & Ronquist 2001, 
Ronquist & Huelsenbeck 2003). We ran 4 independent runs with 1 000 000 generations with the 
burn in of 30% and sample frequency of 1000. We considered the chains converged when the 
average standard deviation of split frequencies was <0.01 and Potential Scale Reduction Factor 
(PSRF) was 1 or very close to 1 (0.99). Tracer v.1.6 was used to confirm convergence (Rambaut et 
al. 2014). ESS values that were over 200 across the runs were accepted and the trace files were 
visually checked to confirm the convergence. To visualise the trees, FigTree 1.4.1. 
(http://tree.bio.ed.ac.uk/software/figtree/) was used. 
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A minimum spanning network was made with Hapstar (Teacher & Griffiths 2011) based on 
pairwise distances between different haplotypes calculated with Arlequin 3.5.1.2. 
 
Results 
 
Genetic variation in greylag and domestic goose populations 
CR contained 39 variable sites and 36 parsimony informative sites. In total we found 44 
haplotypes, of which 9 haplotypes were found in domestic geese and 38 in wild greylag geese. We 
found two major haplotypes for domestic geese comprising 84% of the domestic geese studied 
(haplotypes D3, 53 individuals, and D4, 32 individuals; Table 2). Three of the haplotypes we found 
in domestic geese were shared with wild individuals from Scotland, the Netherlands and Iran.  
 
Among the wild greylags the haplotype diversity (h) was very high (>0.8) in the eastern 
populations in the well-represented populations in Iran (Gilan 1; and Fereydunkenar 0.92; Fig. 2, 
Table S1). Among the European populations, the Netherlands showed similarly high haplotype 
diversity. The Nordic populations showed moderate to low haplotype diversities, the haplotype 
diversity being the highest in Southern Finland (0.48). The populations in Scotland, Northern 
Finland and Greece were invariant. For all greylags the haplotype diversity was 0.86. The domestic 
breed with highest haplotype diversity was Tula (1.0, although only based on 2 individuals) 
followed by Brecon Buff, Steinbacher, Scania Goose, West of England, Danish Landrace, Embden, 
Russian Grey, Tufted Roman and Sebastopol. Czech, Landes and Öland Goose were invariant. Most 
of the breeds had two haplotypes. The haplotype diversity for all domestic geese was 0.57. The 
non-breed domestics had higher haplotype diversities than most of the breeds in general 
(Denmark 0.67; Russia 0.60, UK 0.57 and Turkey 0.78).  
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The nucleotide diversity (π) values among the wild greylag geese showed highest diversities in Iran 
and the Netherlands in which is line with the haplotype diversities (Fig. 2, Table S1). The Nordic 
populations showed much lower nucleotide diversities, being highest in Southern Finland and 
Denmark (0.0023 and 0.0022, respectively). The nucleotide diversity for all greylags was 0.0064. 
The nucleotide diversities were consistently lower in domestic geese than the wild greylags, 
ranging from 0 to 0.0045 at the highest. If we only consider different breeds, Brecon Buff  and Tula 
had the highest nucleotide diversities (0.0008) followed by Tufted Roman, Scania Goose, 
Steinbacher, Danish Landrace, Sebastopol, West of England, Embden and Russian Grey. The 
nucleotide diversity for all domestic geese was and 0.00054. The non-breed domestics had 
generally higher nucleotide diversities than individual breeds (nucleotide diversity for non-breed 
individuals varied between 0.0005 and 0.0045) with Turkish domestics having the highest value 
(0.0045). 
 
For some of the geese sampled (10 wild, 1 domestic), only part of the control region was 
successfully sequenced, the first hypervariable region (HVR1; Appendix S1). The nucleotide and 
haplotype diversities for HVR1 show very similar trends to the CR dataset (Table S1). These are the 
only analyses carried out with the HVR1 data. All other analyses refer to the CR dataset. 
 
In addition to population specific haplotype (h) and nucleotide diversities (π), we estimated the 
average number of pairwise differences between populations (πXY) and used it to calculate 
average number of pairwise differences per base pair among wild and domestic geese. This value 
showed much higher sequence divergence for greylag geese than domestic geese (0.0075 and 
0.0006, respectively).  
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Population Structure 
In the AMOVA the differentiation between wild greylag and domestic geese explained 35.29% of 
the variation observed. The differentiation between populations within groups accounted for 
33.93% of variation and within population variation was 30.78%. 
 
The SAMOVA results indicate population structure that can be matched with geography. 
Maximising FCT combined with FSC=0, there were 5-8 groups (Table 3). When K=5, the Iranian 
populations together with Kazakhstan form a group that also includes the Netherlands. The 
Finnish and Norwegian populations also form their own group but the rest of the populations stay 
as separate entities. When K=6, the Eastern-Dutch group is split into two, the Dutch population 
being grouped with the individuals from Fereydunkenar, Iran and the other Iranian population 
from Gilan is grouped with Kazakhstan. When K = 7, Netherlands and Fereydunkenar split but the 
other groupings remain the same. When K = 8, all the populations form their own groups except 
for the Finnish and Norwegian which stay together. Dupanloup et al. (2002) have stated that the 
following conditions need to be met for SAMOVA to have a high success rate in accurately 
recovering groups: low gene flow between groups (Nm 0.01) and within group gene flow 1000 
times that of between group gene flow. Therefore, based on FSC and FCT values, we calculated the 
gene flow within and between groups (Nm intra and Nm inter, respectively; Wright 1931, Slatkin 
1985) as well as their relative magnitude (Table 3). Within group gene flow was only maximally 
83.9 times higher than between group gene flow (at K = 5). Therefore the groupings cannot be 
considered as conclusive, and are for guidance only. 
 
Phylogeny of greylag and domestic geese 
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The Bayesian and maximum likelihood trees and the minimum spanning network supported 
similar phylogenies with six haplogroups (Figs 3, S1, S2); here we describe the Bayesian tree has 
two main clades with a major split between haplogroup A and all other haplogroups (B-F). The 
geographic distributions of each of these haplogroups is shown in Fig. 4. Haplogroup A is best 
represented in Dutch wild greylags, half of which belong to this haplogroup. It is also found in Iran 
and to lesser degree in Southern Finland and Denmark. Haplogroup B is in one single individual 
from the Netherlands. Haplogroup C is only found in Fereydunkenar, Iran and Lake Kulykol in 
Kazakhstan. Almost all the haplotypes that were found in domestics were in the haplogroup D and 
will refer to as the ‘domestic haplogroup’ from now on. The wild greylags that belonged to this 
haplogroup were from the Netherlands, Scotland and Denmark. Haplogroup E was dominant in 
Finland and Norway. It was also found in Denmark, the Netherlands, Greece and Gilan, Iran. 
Haplogroup F was found in both Iranian localities and Kazakhstan but also almost 25% of geese 
from the Netherlands and one individual from Denmark had a haplotype that belonged to this 
haplogroup. Three domestic geese from Turkey had haplotypes that belong to group F. 
 
Discussion 
 
Genetic variation in greylag goose populations and subspecies distribution  
The prerequisite for using genetic information to untangle goose domestication is to understand 
how genetic variation is distributed among wild greylag goose populations. The genetic patterns 
observed in wild greylag goose populations across Europe potentially reflect both natural post-
glacial colonization (Hewitt 1999) and human-mediated translocations of wild geese (Rooth 1971). 
Moreover, our results indicate past and probably still ongoing hybridization between wild greylag 
geese and domestic geese in multiple locations. 
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The haplotype and nucleotide diversities of wild greylag goose were generally highest in 
southeastern populations and in the Netherlands. The population sizes in our sample sites in Iran 
and Kazakhstan are not known but the population wintering around the Caspian Sea is estimated 
to consist of more than 100 000 individuals (Fox et al. 2010) which is consistent with the high 
genetic diversity observed. The distribution of diversity may reflect survival of the species in 
southeastern areas during the Last Glacial Maximum and loss of haplotypes during postglacial 
colonisation northwards (Hewitt 1999).  
 
The high genetic diversity in the Netherlands is not in line with postglacial colonisation reducing 
diversity towards the north. However, goose introductions were carried out in Belgium in 1954 
and in the Netherlands in 1962 (Rooth 1971). The geese introduced in Belgium were A. a. 
rubrirostris but the origin of geese introduced in the Netherlands is not known. The rubrirostris-
type birds hybridised with A. a. anser and during 1960s and 1970s there were multiple 
observations of heavy, pink-billed geese with characteristics of rubrirostris observed on Atlantic 
flyway (Kuijken & Devos 1996). The rubrirostris morphological characteristics have subsequently 
reduced but the original breeding colony has expanded along the Dutch border to northern parts 
of East Flanders since the early 1980s. At the same time on the Dutch side of the border, the 
Zeeuwsch-Vlaanderen region has become colonised naturally by greylag geese (Kuijken & Devos 
1996, Madsen et al. 1999), creating plenty of opportunities for hybridisation. The eastern origin of 
birds within this area is also supported by SAMOVA, which groups the individuals from the 
Netherlands with those sampled in Iran and Kazakhstan (Table 3).  
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Since no morphological data were available, we did not have prior information about the 
subspecies status of greylag goose samples used in this study, except inferences based on 
sampling location. A previous study defined the subspecies based on mitochondrial CR (Ruokonen 
et al. 2000) but our results suggest that genetic separation of different subspecies is not absolute, 
given that most major haplogroups are found on both sides of the suggested subspecies boundary. 
However, if the potential effect of introductions in the Netherlands is taken into account, the 
geographic distribution of different haplogroups supports some separation between the eastern 
and western subspecies. Haplogroup A comprises half of the individuals in the Netherlands. 
Moreover, haplogroup F is also frequent in the Netherlands. Both of these haplogroups A and F 
are absent or rare in other populations except those in Iran and Kazakhstan. It seems plausible 
that haplogroups A and F are more typical for the eastern subspecies as well as haplogroup C 
which was only found in Kazakhstan and Fereydunkenar, Iran. Finding individuals from the 
Netherlands with haplotypes belonging to haplogroups A and F suggests that the individuals, 
which were introduced to Belgium and the Netherlands were indeed the A. a. rubrirostris type and 
carried these haplotypes, which thereafter became very common in the Netherlands when the 
population expanded. The admixed nature of the Dutch population would also explain the high 
genetic diversity in this population. Haplogroup E is primarily associated with the western 
subspecies of greylag, being dominant in Nordic areas and present in the Netherlands. However, 
this association is not absolute as E haplotypes have been found in Greece and Iran, which are 
areas associated with the eastern subspecies. 
 
Our data does not give any genetic support on the third subspecies A. a. sylvestris. There was no 
strong genetic divergence between Norwegian and Finnish population as according to the 
SAMOVA, Finnish and Norwegian populations were the last ones to be separated as the number of 
Page 15 of 32
Animal Genetics
Animal Genetics
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
16 
 
 
 
possible groups was increased (Table 3) and a single haplotype (E2, Table 2) was shared by almost 
all the individuals from Norway and Finland. Rather, there is genetic discontinuity along a South-
North axis, separating the Norwegian and Finnish populations from the Scottish and Danish. We 
suggest that the Scottish and Danish populations are impacted by hybridisation with domestic 
geese and birds of the eastern subspecies, which does not appear to have happened in Norway 
and Finland. 
 
Genetic variation in domestic geese populations 
Our results suggest very low mitochondrial diversity for the European domestic goose. The 
haplotype and nucleotide diversity estimates are approximately the same order of magnitude as 
those published for Chinese domestic duck breeds (He et al. 2008, Qu et al. 2009) but less than the 
estimates for domestic chicken (Liu et al. 2006, Kanginakudru et al. 2008). We analysed 101 
domestic geese and found only 9 different haplotypes, 7 of which belonged to our domestic 
haplogroup D. Moreover, 84% of individuals were divided between two major haplotypes D3 and 
D4. D3 is the most common and widespread haplotype and the central haplotype of a starburst of 
very closely related haplotypes among domestic geese (Fig. S2), of which D4 is one (separated by 
one nucleotide substitution). It is possible that this low mitochondrial diversity may be due to a 
small number of individuals that contributed to the founding population in the early stages of 
domestication. It is interesting that we found multiple haplotypes in Turkey that were not found 
anywhere else among domestic geese including two haplotypes that belonged to haplogroup F 
instead of haplogroup D where all the other domestic haplotypes belong. It can be expected that 
genetic diversity is highest in the domestication centre and decreases with increasing distance 
from there (Medugorac et al. 2009). Since it has been suggested that the goose was domesticated 
in the vicinity of the eastern Mediterranean, Turkey might be the sampling location nearest to the 
Page 16 of 32
Animal Genetics
Animal Genetics
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
17 
 
 
 
origin of domestication. More sampling is needed around the eastern Mediterranean and the Near 
East to confirm this result. However, caution is needed in using modern breeds to interpret 
domestication events (Larson et al. 2012) and it is desirable to genotype archaeological samples 
closer to the time of domestication. It can at least be said that modern breeds of geese in Europe 
come from a narrow genetic base. Whether this dates back to the domestication event or a more 
recent derivation of modern breeds from a narrow stock, is uncertain. 
 
We know of no sequence analysis comparing the control region in the greylag goose and the swan 
goose, but a study of mitochondrial DNA cleavage patterns has shown that Chinese and European 
type domestic geese have different restriction fragment length polymorphism profiles (Shi et al. 
2006). We sequenced three breeds (Kholmogor, Steinbacher and Tula) that, based on the 
literature, are crossbreds between Chinese and European geese. All shared the A. anser type 
mitochondrial haplotype indicating that if these truly are crossbreeds, female European domestic 
geese must have mated with Chinese type ganders. However, our sample sizes are small 
(Kholmogor and Tula both had n=2 and Steinbacher n=3) and further studies using both 
mitochondrial and nuclear markers are needed. We also genotyped one individual that was 
reported to be of the Chinese type (Lavender Chinese) but which again had a European type 
mitochondrial sequence, presumably through cross-breeding. 
 
Hybridization among wild and domestic goose 
The two major domestic haplotypes D3 and D4 were found also in wild individuals from the 
Netherlands and Scotland. Haplotype D3, found in 53% of the domestic individuals, was present in 
four wild individuals from the Netherlands. The other major haplotype, D4, recorded in 32% of 
domestics, was shared with the Scottish wild greylags. This is most reasonably explained by recent 
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hybridization. Hybridizations between domestics and greylags have been observed in Belgium 
(Kuijken & Devos 1996) and in the Netherlands (J. Ottenburghs, pers. comm.) giving rise to 
phenotypically hybrid individuals.  
 
The genetic composition of the Danish population is, however, more complicated. The modern day 
Danish individuals all belong to haplogroup D that, with the exception of three individuals, is found 
in all the domestic individuals that we analysed. The Danish geese do not share a haplotype with 
the domestic geese that we studied. However, the most common haplotype that we found in 
Denmark (D2) is only separated by a single nucleotide substitution from the most common 
haplotype that we found in domestic geese (D3)(Fig. S2). As for Scotland and the Netherlands, 
hybridisation between domestic and wild geese may be the explanation for the Danish result, but 
involving domestic geese with an unusual haplotype based on current sampling.  
 
In summary, our study is significant for being the first large scale analysis of genetic diversity of 
greylag goose and the genetic relationships of its subspecies. It is also the first attempt to decipher 
the relationships between greylag goose and its derivative, the European domestic goose. These 
data show unexpectedly complex relationships between and within ild greylags and domestic 
geese which sets up a foundation for further studies. The initial data presented here would benefit 
from future sampling of additional individuals from the southeastern parts of the distribution of 
greylag goose and also the use of nuclear markers and particularly genomic data. The analysis of 
ancient DNA from archaeological goose specimens would also be beneficial in providing a 
temporal resolution to the question of domestication, as has been successfully carried out on 
other species (Achilli et al. 2008, Kimura et al. 2011, Ottoni et al. 2013, Thalmann et al. 2013). 
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Table 1 Domestic breeds that were analysed for this study, including sampling locations and 
putative geographic origin of the breed as well as the species the breed was domesticated from. 
Breed Sampling location Breed origin Ancestral species 
Brecon Buff England & Wales, UK South Wales, UK A. anser 
Buff Wales, UK Northern Europe A. anser 
Czech Wales, UK Czech Republic A. anser 
Danish Landrace Denmark Denmark A. anser 
Diepholzer Wales, UK Diepholz, Germany A. anser 
Embden England & Wales, UK Emden, Germany  A. anser 
Emporda Wales, UK Catalunya, Spain A. anser 
Kholmogor Moscow, Russia Central Chernozem Region, Russia A. anser x A. cygnoides
1
 
Landes  England, UK Landes region, France A. anser 
Lavender Chinese Wales, UK China A. cygnoides 
Russian Grey Wales, UK Unknown A. anser 
Scania goose Sweden Scania, Sweden A. anser 
Sebastopol Wales, UK Southeastern Europe, region around Black Sea A. anser 
Steinbacher Wales, UK Thuringen area, Germany A. anser x A. cygnoides
1
 
Tufted Roman Wales, UK Danube valley, Europe A. anser 
Tula  Moscow, Russia Tula region, Russia A. anser x A. cygnoides
1
 
West of England England & Wales, UK West of England, UK  A. anser 
Öland goose Sweden Öland, Småland & Northern Scania, Sweden A. anser 
Domestic DK Denmark Unknown A. anser 
Domestic UK United Kingdom Unknown A. anser 
Domestic FR France Unknown A. anser 
Domestic PO Poland Unknown A. anser 
Domestic RU Russia Unknown A. anser 
Domestic TR Turkey Unknown A. anser 
1
 http://www.ashtonwaterfowl.net/geese_two.htm 
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Table 2 Distribution of haplotypes across populations of greylag geese and domestic geese 
organised by haplogroups. 
Population 
Abbreviation 
for population Haplogroup A Haplogroup B Haplogroup C Haplogroup D Haplogroup E Haplogroup F 
Orkney, Scotland 
(n=3) 
SC    D4 (3)   
The Netherlands 
(n=46) 
NL A2 (13), A6 (4), A7 (2), A8 
(1), A9 (1), A11 (1), A12 (1) 
B1 (1)  D3 (4) E8 (5), E9 (2) F1 (8), F7 (1), 
F8 (1), F10 (1) 
Vega, Norway (n=9) VNO     E2 (8), E5 (1)  
Smøla, Norway 
(n=10) 
SNO     E2 (7), E4 (3)  
Northern Finland 
(n=9) 
NFI     E2 (9)  
Southern Finland 
(n=47) 
SFI A2 (2), A3 (2)    E1 (9), E2 (33), 
E6 (1) 
 
Denmark (n=20) DK A1 (1)   D1 (1), D2 (17)  F1 (1) 
Greece (n=6) GR     E7 (6)  
Fereydunkenar, Iran 
(n=9) 
FIR A2 (1), A5 (2)  C2 (1), C3 (2)   F2 (2), F3 (1) 
Gilan, Iran (n=6) GIR A4 (1), A10 (1)    E3 (1), E6 (1) F4 (1), F9 (1) 
Lake Kulykol, 
Kazakhstan (n=2) 
KZ   C1 (1)   F6 (1) 
Brecon Buff (n=5) BB    D3 (2), D4 (2), 
D6 (1) 
  
Buff (n=1) BU    D3 (1)   
Sebastopol (n=8) SEB    D3 (7), D5 (1)   
Czech (n=5) CZE    D3 (5)   
Diepholzer (n=1) DH    D3 (1)   
Domestic DK (n=3) DDK    D3 (2), D4 (1)    
Domestic FR (n=1) DFR    D3 (1)   
Domestic PO (n=1) DPO    D4 (1)   
Domestic RU (n=5) DRU    D3 (3), D4 (2)   
Domestic TR (n=11) DTR    D3 (2), D8 (1), 
D9 (5) 
 F4 (2), F5 (1) 
Domestic UK (n=7) DUK    D3 (4), D4 (3)   
Embden (n=5) EMB    D3 (1), D4 (4)   
Emporda (n=1) EMP    D3 (1)   
Grey Landrace (n=13) GL    D3 (9), D4 (4)   
Kholmogor (N=2) KHO    D4 (2)   
Landes (n=2) LD    D3 (2)   
Lavender Chinese 
(n=1) 
LCH    D3 (1)   
Russian Grey (n=5) RG    D3 (4), D4 (1)   
Scania Goose (n=5) SG    D3 (3), D4 (2)   
Steinbacher (n=3) ST    D3 (1), D4 (2)   
Tufted Roman (n=5) TRO    D3 (1), D5 (4)   
Tula (n=2) TUL    D3 (1), D7 (1)   
West of England 
(n=4) 
WE    D3 (1), D4 (3)   
Oland Goose (n=5) OG    D4 (5)   
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Table 3 SAMOVA on greylag geese with group composition according to varying number of groups 
(K) and providing variance values (FSC, FST, FCT) as well as relative magnitude of intra- and inter-
population gene flow. 
K 
groups 
Group composition FSC FST FCT Intra/inter 
2 DK 0.326 0.724 0.591 2.994 
 S-FI, N-FI, GR, KZ, S-NO, V-NO, G-IR, F-IR, NL, SC     
3 SC 0.306 0.710 0.583 3.167 
 S-FI, N-FI, GR, KZ, S-NO, V-NO, G-IR, F-IR, NL     
 DK     
4 KZ 0.309 0.696 0.560 2.847 
 DK     
 SC     
 S-FI, N-FI, GR, S-NO, V-NO, G-IR, F-IR, NL     
5 KZ, G-IR, F-IR, NL 0.015 0.569 0.562 83.949 
 GR     
 S-FI, N-FI, S-NO, V-NO     
 DK     
 SC     
6 S-FI, N-FI, S-NO, V-NO -0.016 0.558 0.565 -81.294 
 DK     
 F-IR, NL     
 KZ, G-IR      
 SC     
 GR     
7 NL -0.046 0.548 0.568 -30.186 
 DK     
 F-IR     
 KZ, G-IR     
 S-FI, N-FI, S-NO, V-NO     
 GR     
 SC     
8 F-IR -0.043 0.548 0.566 -31.963 
 DK     
 NL     
 S-FI, N-FI, S-NO, V-NO     
 G-IR     
 KZ     
 GR     
 SC     
9 N-FI, S-NO, V-NO -0.104 0.516 0.561 -13.537 
 KZ     
 DK     
 GR     
 G-IR     
 S-FI     
 F-IR     
 NL     
 SC     
10 DK -0.122 0.511 0.564 -11.904 
 GR     
 N-FI, V-NO     
 NL     
 KZ     
 S-FI     
 G-IR     
 F-IR     
 S-NO     
 SC     
Page 27 of 32
Animal Genetics
Animal Genetics
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
4 
 
 
 
DK=Denmark; N-FI=Northern Finland; S-FI=Southern Finland; GR=Greece; F-IR=Fereydunkenar, 
Iran; G-IR=Gilan, Iran; NL=Netherlands; S-NO= Smøla, Norway; V-NO=Vega, Norway; 
KZ=Kazakhstan; SC=Scotland.   
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Figure 1 Map showing the greylag goose populations identified by Scott & Rose (1996) with numbering as 
described in the text. The approximate subspecies boundary is shown as a dashed line (modified from Scott 
& Rose 1996). Blue circles indicate the sampling locations for greylag geese; some have been grouped into 
‘Denmark’, ‘Southern Finland’ and ‘North rn Finland’, as shown (Table S1). Red circles show the putative 
origin of domestic breeds or in case the origin is not known, the sampling location (Table 1).  
142x68mm (300 x 300 DPI)  
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Figure 2 Haplotype diversity (h, above) and nucleotide diversity (π, below) for greylag and domestic goose 
populations. Number of specimens in parentheses. Greylag populations are inside the purple box.  
140x194mm (150 x 150 DPI)  
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Figure 3 Bayesian tree of the haplotypes detected. Posterior probabilities above 0.5 are shown. Haplotypes 
shared by domestic geese are marked with an asterisk.  
164x95mm (300 x 300 DPI)  
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Figure 4 Haplotype distribution within greylag and domestic goose populations. The maps show the 
proportions of different haplotypes within each population at the haplogroup level for greylags (upper map) 
and for domestics (lower map). Abbreviations next to pie charts indicate population of origin (Table 3). The 
domestic goose breeds BU, LCH and RG are not mapped; the locations of origin of BU and RG are uncertain, 
LCH originated in Asia, off the map. Colour coding follows Figure 3.  
274x264mm (300 x 300 DPI)  
 
 
Page 32 of 32
Animal Genetics
Animal Genetics
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
